the percentage of ground covered by shrubby vegetation is an integral part of range inventory and of range condition and trend studies. Measurement of plant cover is used in making site descriptions and in studying brush control, seeding, and grazing management. A change in plant cover often reflects a change in management practices.
Determining
the percentage of ground covered by shrubby vegetation is an integral part of range inventory and of range condition and trend studies. Measurement of plant cover is used in making site descriptions and in studying brush control, seeding, and grazing management. A change in plant cover often reflects a change in management practices.
No accurate method of measuring plant cover has been devised. In most instances only an estimation of plant cover is made. However, Smith (1944) showed that cover estimates vary significantly among individuals on different days and even on the same day. Many range technicians, land managers, and ecologists have recognized the need for a rapid, accurate, and easyto-use method of measuring plant cover.
The loop procedure of the Parker 3-Step Method is used widely in condition and trend studies. Ash-inch loop is utilized to obtain the plant density index, a frequency measurement.measure basal area cover in grassland vegetation.
He found this method detected fewer species and gave more variable data than either the line-interception or vertical-point-quadrat methods. The literature contains no other studies concerning the relationship between the plant-density-index and actual plant cover.
Another widely used procedure for determining ground cover is the line-interception method described by Canfield (1941) . Johnston (1957) found this method to be more time-consuming but detected more species by its use than by either the loop or the point-quadrat method. Savage (1940) by the ellipse formula is referred to as "true cover" in this paper and was used as the standard for evaluating the accuracy of the lineinterception, variable-plot, and loop methods.
Six lOO-foot transect lines were established in each main plot. These transects originated from, and were perpendicular to, adjacent sides of the plot at the 25, 50-and 75-foot points. These lines were used for the loop-procedure and line-interception methods. The variable plots were located at 6 of the transect intersection points (Fig. 5) .
The 3 observers recorded the data for each method on the same plot at each location before calculating shrub cover or comparing results.
Results and Discussion
The analysis of variance was calculated for the line-interception, variable-plot and loop meth- ods as used by the 3 observers at 4 locations. Differences among methods and locations and their interaction were highly significant.
Each observer had used and was familiar with the line-interception and loop procedures. Approximately one-half day was spent in becoming familiar with the variable-plot technique and comparing individual observers. Transect lines and variable-plot locations were not moved until all observers had recorded their readings. These factors contributed to the low variation .among observers.
Since there were no signif icant observer differences FIGURE 2. Sweetwater Flat, once plowed and seeded to crested wheatgrass, now supports a sparse stand of big sagebrush.
estimates for all individuals for each method at each location were averaged together with the means from the ellipse-formula method (Table 1) . Statistical analyses of these averages are presented in Table 2.  Significant  differences  among  locations were expected, since selected sites varied widely in shrub cover.
The mean percent cover value for the 4 methods (Table 1) was analyzed by Duncan's multiple range test (Duncan, 1955) . This test revealed that mean cover over all locations for the line-interception and ellipse-formula methods was not significantly different. The variable-plot and loop-procedure gave significantly higher mean-cover values than either the line-interception or the ellipse-formula method. The loop-procedure method gave a significantly higher mean value than the variable-plot method.
The 4 methods gave variable results at different locations (Table 1) . At each location where the shrub crown cover was greater than 5 percent, the loopprocedure gave the highest average ground-cover percentage. Duncan's multiple range test (Duncan, 1955) revealed that, when crown cover was 5 percent or less, any of the methods tested gave cover values which did not differ significantly from the measured or "true cover" shown as the ellipse method in Table 1 . In such instances the most rapid method of crown-cover estimation would be the most logical choice. The data show that as shrub cover increases, the differences among methods become greater (Table 1) . At Sweetwater Flat, cover varied from 4 to 5 percent, and there were no significant differences among the 4 methods. However, at 'the Spanish Springs location, where the dominant shrub is the same and the cover is 4 to 5 times as heavy, the differences among methods were significant and showed their general characteristic tendency of revealing high or low estimates. At the Spanish Springs and Quail Canyon sites the loop procedure gave cover values significantly larger than those obtained by the other 3 methods. At Calico Mountain variable plot data were not significantly different from the cover values obtained by the ellipse method or loop procedure, although the latter two differed significantly from each other.
The whitesage type at Calico Mountain and the shadscale type at Quail Canyon were difficult to sample because of the large number of plants with partially dead crowns. At Sweetwater Flat and Spanish Springs the 2 methods gave similar values. At one of these sites the shrub cover was low and at the other it was high, but there was very little dead crown at either site. These results indicate that the line-interception method will give results comparable to the ellipseformula method over a wide range of shrub crown cover provided that few partially dead crowns are present.
The difficulty with any estimating method is the problem of obtaining a sufficient number of observations to sample adequately the population being studied. The number of plots necessary to sample each study site adequately depends upon the amount of variation in shrub cover. An analysis of observer and plot variations is presented in Table  3 . The coefficient of variation among plots and the number of plots necessary to sample the vegetation within 20 percent of the mean with 95 percent conf idence were calculated (Snedecar, 1946) .
Variation among plots was significant with the loop-procedure and line-interception methods at all locations (Table 3 ). Observer differences were significant at 1 location with each of these 2 methods.
The coefficient of variation is an indication of the magnitude of variability among individual plots.
Because of the high variability among plots, a large sample is necessary to estimate crown cover by the line-interception and loop-procedure methods. Within the limits of accuracy established in this study, it would require from 14 to 104 plots to 20 KINSINGER, ECKERT AND CURRTE Table 3 . Analysis of observer and sample unit (transect or variable plot) variability. coefficient of variation (C.V.), and sample size when using 3 methods of estimating shrub-crown cover af 4 locations.
Mean squares, C.V., and sample size at: sample adequately the shrub cover by these 2 methods, assuming a valid estimate of the population variation can be obtained from the 6 samples taken. Perhaps 6 samples were not sufficient to predict normal population variation; however, many studies lack even this degree of sampling intensity.
The line-interception method was the most accurate of the methods studied when compared with "true cover", although a large sample is needed for the estimate of cover to be reliable. The results of this study indicate when shrub cover exceeds 5 percent, estimates by the loop-procedure method are unreliable irregardless of the size of sample taken because of the significantly higher cover values obtained compared with "true cover".
Among-plot variation when sampling with the variable-plot method was significant at only one location (Table  3 ). There were no significant observer differences at any location for this method. The coefficient of variation for the variable-plot method was considerably lower than either of the other 2 methods. Therefore, this method was considered the most reliable and the number of plots needed to sample shrub cover adequately was small and did not exceed the number of plots used in this study.
Advantages 
Summary and Conclusions
Three methods of estimating shrub-crown-cover were compared by 3 observers in 4 locations in northwestern Nevada.
A uniform area of 10,000 square feet was selected at each location. Shrub cover was estimated by the line-interception, variable-plot, and loop-procedure methods. Sampling procedure is explained.
A fourth method was used to determine "true cover" and was included in some comparisons by means of Duncan's multiple range test. "True cover" was
